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Some Properties of a Glass Used in Paper Manufacture 

Martin J. O'Leary and Donald Hubbard 

The chemical durability, heterogeneous equilibria, hygroscopicity, pK response, dis- 
persal, and thermal expansion characteristics of a fiber glass used in paper manufacture were 
investigated. The chemical durability of this glass, was found to be very poor between pH 
2 and pH — 2, apparently due to the high alumina and low silica composition. Above and 
below this range the chemical durability greatly improved, showing with the interferometer 
no detectable attack for exposures of 6 hours at 80° C either in high concentrations of H 2 S0 4 , 
or between pH 4 and pH 8. At alkalinities above pH 8 the durability again decreased as is 
characteristic of many silicate glasses. In addition, the heterogeneous equilibria at the 
solution-glass interface, using Ag(NH 3 ) 2 + ions as indicator, showed the fiber glass when 
leached at pH 4.1 to have an uneven distribution of migratable ions between the negatively 
charged glass surface and ambient aqueous solutions, to a greater extent than most commer- 
cial glasses. In accord with the very low hygroscopicity and poor chemical durability, 
electrodes prepared from this glass gave no definite response to hydrogen ion activity of the 
ambient solutions. The dispersal characteristics of the fibers in aqueous solutions follow 
the "critical" points indicated [by the chemical durability curve covering the range from 
pH — 8.1 topll 11.8. The annealing and softening temperatures as obtained from the respec- 
tive expansion curves were found to be higher for the fiber glass than for either Pyrex 7740 or 
Kimble N 51- A. 

The chemical durability data, the acid titration of sodium silicate, and the dispersal-pH 
series are consistent with the findings of O'Leary et al. in emphasizing pli 2.9 as a critical 
condition for the most successful production of paper from fibers of this glass. 



1. Introduction 

During the developmental stages in the production 
of paper from glass fibers [1,2] l it became evident 
that optimum conditions of strength and quality of 
the finished product were obtained upon adjusting 
the hydrogen ion concentration of the suspended 
fibers to near pH. 2.9 prior to the fabrication of the 
paper [3]. When the hydrogen ion activity was 
adjusted toward lower or higher values of jjH, the 
strength of the finished paper was greatly reduced. 
Of considerable significance from an industrial 
standpoint was the observation that the fibers dis- 
persed rapidly at this optimum condition and dis- 
tributed themselves evenly throughout the liquid 
medium, insuring uniformity of the resulting sheet. 
At high pH values the fibers showed a strong tend- 
ency to remain in clumps and required a much longer 
time to disperse adequately for paper making [1,3]. 

Some of the improved strength of the paper was 
attributed to the cementing together of the dried 
fibers by the swollen gelatinous silica-rich layer [3] 
that is known to be formed on many types of silicate 
glasses during leaching in acid buffers [4 to 9]. Fur- 
ther partial rationalization of the cause for this 
increased strength at or near pH 2.9 was postulated 
from the titration curve of sodium silicate by HC1 
[10], typical voltage departure curves of the glass 
electrode [11, 12], and the repression of swelling of 
electrode glasses in the "super acid" region below 
pU 2 [5, 13]. 

In order to obtain a better understanding of the 
fabrication of paper from glass fibers, the present 
investigation was undertaken to study the chemical 



1 Figures in brackets indicate the literature references at the end ot this paper. 



durability, heterogeneous equilibria, hydroscopicity, 
^H response, dispersal, and thermal expansion 
characteristics of a fiber glass (E type, table 1) used 
in the production of paper; a general comparison 
was made with a few of the more familiar commercial, 
experimental, optical, and natural glasses. 



Table 1. Composition of glasses arranged in the order of de- 
creasing percentage of Si0 2 
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a Analyses by I . W. Glaze, J. Research NBS 26, 538 (1941) RP1394 

h Typical composition of obsidian, George W. Morey [301 

M. Dole [11]. 

d Calculated from bath composition. 

« Approximate composition furnished by the manufacturer 
1 'JyPical composition, R. H. Bogue, The chemistry of Portland cement (Rein- 
hold Publishing Corp., New York, N. Y., 1947) 



2. Experimental Procedure 

The determinations of chemical durability were 
made by the interferometer procedure which indi- 
cates in terms of fractions of a wavelength of light 
the surface alteration of the specimen after exposure 
to solutions under controlled conditions of time, 
temperature, and ^H [9]. The light source used as a 
standard of length was the 5876 A line of the helium 
spectrum. For the range pH 1.8 to 11.8 the Britton- 
Robinson universal buffers were used [10, table 57c]; 
for the more acid exposures aqueous solutions of 
H 2 S0 4 were employed. All exposures were made at 
80° C and a durability comparison was made on a 
6 hr basis, although some of the exposures were 
limited to shorter periods. The surface alterations 
were plotted as positive values in the case of attack 
and negative values in the case of swelling. The 
specimens used in these experiments were polished 
cross sections of the various glasses whose surfaces 
were ground sufficiently flat to show reasonably 
straight interference bands when illuminated under 
a fused silica optical flat. In the case of the fiber 
glass the interferometer test specimens were prepared 
from "marbles" of the glass used in fiber manu- 
facture. 

In the experiments on heterogeneous equilibria, 
the uneven distribution of the migratable ions, 
Ag(NHs)2 + and Br~, at the solution-glass interface 
was demonstrated by potentiometric titration of the 
Ag + and Br~ ions. The Ag :AgBr and glass electrodes 
were used as indicator and reference electrode, 
respectively [13, 14]. 

The hygroscopicity values represent the amounts 
of water sorbed by powdered samples, (approxi- 
mately 1.5 g that passed through a Tyler standard 
150 mesh sieve, equivalent to a U. S. Standard Sieve 
No. 140) upon exposure for 1 and 2 hr to the high 
relative humidity, approximately 98 percent, main- 
tained by a saturated solution of CaS0 4 -2H 2 at 
room temperature (6) . 

The expansion measurements were made, using 
Saunders' modification of the Fizeau interferometric 
method [15]. 

Glasses of the composition given in table 1 are 
those compared in this investigation. 

3. Results and Discussions 

3.1. Chemical Durability 

In figure 1, plotted from the data given in table 2, 
the chemical durability of the fiber glass is compared 
with the chemical durabilities of a Na 2 0-PbO-Si0 2 
glass and with three typical optical glasses — BaC 
572, BSC 517, and F 620— over a range ^H 2 to pU 
11.8 for exposure periods of 6 hr at 80° C. These 
four types are examples of glasses having poor 
chemical durability. Figure 2 and table 3 offer a 
similar comparison with Corning 015 and three 
glasses of known chemical durability, Pyrex 7740, 
fused silica, and a natural glass (obsidian from 
Yellowstone Park). In these figures the fiber glass 
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Figure 1. Chemical durability of the fiber glass used in the 
manufacture of paper compared with three typical optical 
glasses, BSC 517, BaC 572, and F 620: and with an experi- 
mental Na 2 0-PbO-Si0 2 (soda flint) glass. 

Data by Bernard. K. Nebel, M. D. 



exhibits poor durability in the acid range below ^H 4. 
However, it shows none of the conspicuous break- 
down of chemical durability between ^H 5 and pH 9, 
characteristic of the optical glasses, particularly 
BaC 572. In the alkaline range the chemical dur- 
ability of the fiber glass is inferior beyond approxi- 
mately pH 8, as is characteristic of many silicate 
glasses. 

The decrease in the chemical durability indicated 
for the fiber glass below pR 4.1 made it desirable to 
obtain information at still lower ^H values. The 
data in table 4 and figure 3 extend the curve for 
chemical durability in the acid range to pH —8.1 
by using aqueous solutions of H 2 S0 4 . Although it 
is obvious that such values as pH —8.1 cannot be 
interpreted in the Arrhenius sense [16], i. e., cannot 
represent concentration of hydrogen ions in moles 
per liter, nevertheless, the pH values calculated from 
measurements by the hydrogen-saturated KC1- 
calomel cell are plotted in order to extend the curve 
for convenience in representing the data. 
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Figure 4. Comparison of the chemical durabilities over an 
extended pH range of high-alumina glass-bearing cement 
Clinker and Corning 015. 

Exposure 6 hours at 80° C. The vertical lines at pH 3.96 and pB. 10.94 inclose the 
range over which precipitation of Al(OH)3 takes place. 

The specimens showed very vigorous attack 
between pH 2 and pH — 2, with marked improve- 
ment in chemical durability both above and below 
this region. In order to appreciate the significance 



of the resulting curve it is desirable to observe the 
appearance of the specimens (surface colorations) 
after exposure at each pH (table 4 and fig. 3). From 
pB 11.8 to pB 4, and from pB —2.4 to pB —8.1 the 
surfaces are clear. The specimens exposed within 
the range from ^H 3 to pB —1.5 show interference 
colors (reflection-reducing films) on the surface, even 
for those specimens at pB 0.75 and pB that were 
etched and pitted. Such colors are normally the 
result of preferential leaching of cations from the 
glass, thus leaving behind a swollen silica-rich layer 
similar to that exhibited by Corning 015 glass, and 
by the optical glasses under certain conditions 
(table 2). 

The pB at which color first becomes evident for 
the fiber glass coincides with the optimum pB 2.9 
for the production of paper from this glass. The 
fact that the interferometer disclosed attack instead 
of swelling for the fiber glass is the result of the 
partial sloughing off of the relatively weak silica-rich 
layer produced initially [13]. The high A1 2 3 , high 
alkaline earth, low Si0 2 composition of the fiber glass 
(table 1) is the main contributing factor in this 
breakdown. This breakdown does not take place 
in the presence of equal amounts of A1 2 3 and high 
percentages of Si0 2 , as exemplified by the behavior 
of obsidian (fig. 2). That the effect is not centered 
around the CaO has been demonstrated in published 
work on Na 2 0-CaO-Si0 2 glasses [6]. This point is 
further emphasized in table 5 and figure 4 in which 
is shown the weakening of chemical durability con- 
tributed by the presence of relatively large percent- 
ages of A1 2 3 in a glassy, high-alumina cement 
clinker. The data indicating the pB values at which 
the transition takes place for the solution and pre- 
cipitation of aluminum hydroxide are represented in 
figures 3 and 4 by vertical lines [17]. It is also sur- 
prising how close this pB 3.96 coincides with the pB 
at which the glass fiber begins to show clumping in 
the paper manufacturing process. Another interest- 
ing feature of figure 3 includes one observation of 
swelling at pB 10.2 shown as a broken line. Very 
likely similar observations of swelling could be found 
between ^H 3 and pB -2 provided sufficiently short 
exposures had been given [13]. 



Table 5. Chemical durability of high-alumina cement clinker compared with a soft glass tubing (Corning 015) 
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Surface alteration, 6 hr exposure at 80° C and pH of — 
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» Symbols explained in table 2. 



Table 2. Chemical durability of fiber glass used in the manufacture of glass paper compared with three typical optical glasses 

and an experimental Na 2 0-PbO-Si0 2 glass 



Glass 


Surface alteration in 6 hr exposure at 80° C and pH of— 
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9.0 


10.2 


11 


11.8 


Fiberglass 

BaC 572* 

BSC517* 

MF 620*... 


Fringes 

D« A 

(purple) 

HoS 
(purple) 
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IMS 


Fringes 

DS'i 
(darker 

purple) 

HoS 
(greenish) 

ND 

(clear) 


Fringes 

DS 

(purple) 

DS 
(blue) 

ND 

(clear) 


Fringes 
ND h 
(clear) 

DS 

(green- 
ish) 

DS 

(bluish) 

ND 

(clear) 

IMS 


Fringes 

D?e 

(slight) 
(clear) 


Fringes 

ND 

(clear) 

1M+A 

(dark 

haze) 

DA 

? 

(clear) 

IMS 


Fringes 
ND * 
(clear) 

2^A 
(slight 
reticu- 
lation) 

MA 

DA 

(clear) 


Fringes 
ND 
(clear) 

MA 

(pitted, 

greenish) 

MoA, 

MoSCf 

(clear) 

Mo+A, 

^SC A 

(clear) 

IMS 


Fringes 

MA 
(clear) 

Mo-fA 

(clear) 

?A, 

(clear) 

DA 


Fringes 
M-A* 
(clear) 

!/iA 

(clear) 

M-k 

(clear) 

MA 
(clear) 

DA 


Fringes 

1-A 

1A 
(clear) 

MA 
(clear) 


Fringes 
2MA 
(clear) 

2MA 

(clear) 

3 A 

(clear) 

2i/ 2 A 
(clear) 

7 


Na 2 0, 20%; 
PbO, 20%; 
Si0 2 , 60% 





*I)ata obtained by Bernard R. Nebel (Guest worker at NBS). 

a A, attack. 

b ND, not detectable. 

D, detectable, but not measurable. 

d S, swelling. 



e ?, indeterminate. 

f SC, surface cut al the oil-buffer interface. 

* M— , slightly less than M- 

h M+, slightly greater than M- 



Table 3. Chemical durability of fiber glass compared with 
obsidian, fused Si0 2 , Pyrex, and Corning 015 
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» Symbols explained in table 2. 
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FIGURE 2. Chemical durability of fiber glass used in the manu- 
facture of paper compared with obsidian (a natural glass from 
Yellowstone) , fused Si0 2 , Pyrex 7740, and Corning 015. 



Table 4. Chemical-durability characteristics of fiber gloss 

over the range pH —8.1 to pi I 11.8 

Exposure 6 hr at 80° C. 



Solution 



Britton buffers 



Sulfuric acid 



' 0. 1 

1.0 

10 

25 

50 

75 
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[H + 



p\\ 
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0.0 
4. 1 

3.0 

2.0 

1.7 
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pearance 



Clear 

...do. 
....do. 
....do.. 
...do- 



Slightly dark 
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» Symbols explained in table 2. 
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Figure 3. Chemical durability characteristics of fiber glass 
over the range pYL =8.1 to pH 11.8 for exposure of 6 hr at 
80° C. 

The vertical lines at pB. 3.96 and pH 10.94 enclose the range over which the pre- 
cipation of Al(OH)3 takes place. 



3.2. Heterogeneous Equilibria 

Some insight into the nature of the ionic charge 
on the glass surface and the disintegrating forces 
operating upon glass can be obtained by studying 
the heterogeneous equilibria appearing at the solu- 
tion-glass interface 4 . The uneven distribution of 
migratable ions at this interface 4 brought about by 
the presence of the nonniigratable, negatively 
charged silicate ions left after preferential leaching 
of cations must necessarily result in an excess of 
migratable positive ions appearing in the glass surface 4 
and of an equal excess of negative ions in the ambient 
solution. The over-all result at equilibrium is an 
excess of electrolytes in the glass surface, which give 
rise to osmotic pressure across the 4 interface, causing 
the surface to swell as long as it is chemically and 
mechanically durable [13]. The 4 uneven distribution 
of migratable ions gives a ready indication of the 
relative chemical durabilities at y/H 4.1 of the glasses, 
as well as a partial picture of tin 4 mechanism of the 
intcrfacial voltage potential between the solution 
and the glass surface. This procedure is especially 
useful under conditions in which t ho interferometer 
method is too insensitive. The value pR 4.1 was 
chosen because 4 the 4 inte 4 rfe 4 re)meter doe 4 s not make a 
ready differentiation of many silicate glasses at this 
pH, as can be seen from figures 1 and 2. 

Figure 5 plotted from data in table 6 shows that 
the fiber glass has a greater uneve 4 n distribution of 
migratable ions than the 4 natural glass, obsidian, or 
the 4 e'hemieal anel industrial glasses, sue-h as Pyrex 
7740, fused silica, or Vye'or. Corning 015, a special 
glass whose voltages serve as an indicator of the 4 
hydrogen-ion activity of aqueous solutions [11], also 




Leaching, Hours 

Fkjure 5. Uneven distribution of migratable ions between 
the leached surface and the ambient solution using Ag (NH 3 ) 2 + 
ion for a comparison of a fiber glass with other special types 
of industrial glasses and obsidian. 

Preleached for various lengths of time, pB. 4.1 at 80° C. 



Table 6. Uneven distribution of migratable Ag(NH ? )J ions, 
between the glass surface and the ambient solution for a fiber 
glass compared with obsidian and four special commercial 
glasses 



Glass 



Vycor 

Fused Si0 2 - 
Obsidian 
Pyrex 7740 .. 
Fiber glass 
Corning Ob 5 



Excess Ag(NH3) a ions In surface of 
specimens leached at pH 4.1, 80° C for— 



Ohr 



M-eqlg 

o.ixio-4 

<1 

<.l 
<.2 
<2 

5.8 



6hr 



M-eqlg 
0.3X10-4 
1.4 
0.6 
4.2 
7.1 
23.0 



24 hr 



M-eqlg 

0. 75X10-* 

1.7 

2.8 

5.4 

18.2 

30.6 



has a larger uneven distribution of migratable ions 
than the other glasses. 

It is of interest to not c 4 the e'urves for obsidian and 
fused silica e*ross, as observed in earlier experiments 
[14], showing that the 4 rate at which negatively 
charged silicate ions are made available during leach- 
ing changes for these two glasses. Another interest- 
ing observation is that under the conditions of the 
test the 4 sample of Vycor was superior to the' specimen 
of fused Si0 2 . 

3.3. Hygroscopicity 

V alues of hygroscopicity (water sorbed from the 
vapor state) for the 4 fiber glass compared with other 
glasses are given in table 7. Low values of hy- 
groscopicity are 4 indicative of the ability of a glass 
to maintain a clear polished surface upon exposure 
to water vapor, a property different from chemical 
durability. The latter term is generally applied to 
the 4 capacity of a glass to withstand attack by solu- 
t ions [18]. The* chemical durability of the fiber glass 
is inferior, although its hygroscopicity compares 
favorably with that of fused silica anel Vycor. This 
low hygroscopicity is in accord with the high elec- 
trical resistance of the surface shown by the fiber 
glass at high relative humidities [19, p. 407]. 

Table 7. Chemical durability, heterogeneous equilibria, hygro- 
scopicity and pH response of fiber glass for comparison with 
a series of Na 2 O-Ca0-Si02 glasses and a few commercial and 
natural glasses 



Glasses 


Leached 6 hr, 80° C at pH 4.1 


Water sorbed 


pH re- 
















NaaO 

% 


CaO 


Si0 2 


Surface 
alteration 


Excess 

Ag(NH 3 ) + 2 


lhr 


2hr 


sponse 


% 


% 


Fringes 


M-eqlg 


mgjem 3 


wg/cm 3 


wv/pB 


10 


20 


70 


ND» 


3.1x10-* 


14 


21 





15 


15 


70 


ND 


5.3 


20 


36 


31 


20 


10 


70 


ND 


7.2 


35 


88 


59 


25 


5 


70 


1/2+S 


42 


70 


160 


59 


26 


4 


70 


2S 


63 


80 


185 


59- 


27 


3 


70 


6S 


109 


92 


219 


57 


28 


2 


70 


30S 


660 


108 


249 


55 


29.5 


0.5 


70 


75S 


480 b 


135 


314 


42 


30 





70 


126S 

ND 
ND 


<2b 

1.4 

<0.3 


152 

5.6 
5.8 


379 

10.5 
11 


19b 





Fused Si0 2 - 
Vycor 






Fiber elass 




ND 


7.1 


5.9 


11.2 





Obsid 


ian 




ND 
ND 
ND 


0.6 
1.6 

4.2 


8.9 
10.1 
18.5 


13.9 
15.3 
26 




12 


Austr 


ilite. . 




Pyrex 






Corni 


ag 




2/10-S 


23 


61 


125 


59 









■ Symbols explained in table 2. 

b Values indicate that silica rich layers had sloughed off [13]. 




40 60 SO 100 120 

Water Sorbed, mg/cm 3 

Figure 6. Comparison of the properties; pH response, hetero- 
geneous equilibria (uneven distribution of Ag (NH 3 ) J and 
Br~ ions at the solution-glass interface), chemical durability 
at pH Jf.,1, and the hygroscopicity of fiber glass, fused 
Si0 2 , Pyrex 7740, Corning 015, and a series of Na 2 0- 
CaO-Si0 2 glasses containing 70 percent Si0 2 . 

The composition of the reference series is given as weight percent in the ratio 
Na20: CaO: Si02. In general the superior utility glasses fall in the hygro- 
scopicity range labeled "Superior". 



3.4. pH Response 

Glass electrodes prepared from samples of the 
fiber glass showed no definite voltage response to 
hydrogen-ion activity of aqueous buffer solutions 
(table 7). This is in accord with previous observa- 
tions that the voltage of electrodes prepared from 
glasses of low hygroscopicity have always failed to 
serve as satisfactory indicators of hydrogen-ion 
activity of aqueous solutions [6, 11]. 

An over-all picture of the position occupied by the 
fiber glass with respect to other glasses is given in 
table 7 and figure 6. In this figure the properties of 
chemical durability, uneven distribution of Ag 
(NH 3 ) J ions, and pH response are plotted as vari- 
ables dependent upon the hygroscopicity as the 
abscissa. A series of Na 2 0-CaO-Si0 2 glasses con- 
taining 70 percent of Si0 2 is included for comparison. 
For qualitative orientation this series of reference 
glasses is divided into three utility groups based on 



commercial experience: superior, intermediate, and 
inferior. It can be seen that the value obtained for 
the uneven distribution of Ag (NH 3 ) J ions for the 
fiber glass does not coincide with the trend indicated 
by the other glasses. This illustrates the fact that 
the chemical durability of this glass as determined 
from heterogeneous equilibria data is not as good as 
the hygroscopicity might imply. 

3.5. Dispersal Characteristics 

The tendency of the glass fibers to disperse and dis- 
tribute themselves uniformly throughout the aqueous 
medium is illustrated in figure 7. Each member of 
the series consists of 0.25 g of fiber immersed in 50 
ml of buffer at room temperature. The series was 
prepared for direct observation, and comparison with 
the chemical durability curve for fiber glass shown in 
figure 3. The solutions range from pH —8.1 to 
pil 11.8 obtained with H 2 S0 4 and Brit ton-Robinson 
universal buffer mixtures. 

It is important to observe the correspondence 
between the pH values indicated by the peptization 
series and some of the critical points shown by the 
chemical durability curve. Perhaps the most inter- 
esting observation is that wherever the glass surface 
after exposure remained clear, the fibers persisted in 
clumping. This is observed for solutions more 
alkaline than pH 4.1 and those more acid than pH 
— 1.49. In the acid range where interference colors 
appear on the surface of the exposed specimen, there 
is rapid dispersal and swelling of the fibers with the 
formation of gelatinous masses in the beakers for the 
region where the attack is the severest. The practi- 
cal optimum found for the production of paper with 
this glass comes in the narrow range near pH 2.9 at 
which the first appearance of color begins and before 
the region of severe acid attack starts. 

Another interesting feature is that in going from 
^H 2.9 to 2>H 4.1 or higher and return, the dispersion 
and clumping feature is reversible as shown by 
repeated cycles. It was interesting to observe that 
this ^H series of figure 7 maintained its essential 
features over a period of several months. The 
marked improvement in chemical durability of this 
glass in the H 2 S0 4 solutions of concentrations greater 
than 50 percent (fig. 3) has been noted for other 
glasses, particularly in the repression of swelling of 
Corning 015 electrode glass in high concentrations of 
electrolytes [13]. 

It will be of interest to learn whether fibers pro- 
duced from more durable silicate glasses show this 
same critical pH range for dispersal. 

3.6. Thermal Expansion Characteristics 

Figure 8 shows the expansion curves for the glass 
from which the fibers are made compared with the 
expansion characteristics of Pyrex 7740 and Kimble 
N 51-A. This figure gives an indication of the upper 
temperature at which paper made from this fiber 
glass can be successfully used, i. e., approximately 
700° C for prolonged periods of time and somewhat 
higher temperature for shorter cycles. Its deform- 



ing temperature as determined by the interferometer 
is appreciably higher than either of the other two 
glasses shown. Inserted in the figure is a portion of 
the expansion curve for the fiber glass in. an unan- 
nealed quenched condition. It shows the charac- 
teristic dip in the expansion as the temperature 
approaches the "critical range" [20, p. 17] near 
630° C. 

Early experiments had shown that the tensile 
strength of an experimental batch of paper, in. which 
ben.tonite had been incorporated with the glass fibers 
was increased from 386 to 820 psi by heating to 
600° C, and that the density was also appreciably 
increased [2]. An adverse effect observed was an 
increase in. brittleness of the fibers, a feature char- 
acteristic of glass fibers that have been leached and 
heated. These observations can be partially cor- 
related with the temperatures indicated by the 
expansion curve, which shows that the temperature 
of 600° C is within the lower limits of the "annealing 
range" for this glass. The additional strength may 
have been brought about by initial stages of fluxing 
the fibers to each other or to the bentonite filler. 
For other glasses, heating after leaching is known to 
improve the chemical durability, decrease the hygro- 
scopicity of the surface layer, and greatly lower the 
voltage response of glass electrodes to hydrogen ion 
activity of aqueous solutions [21]. The increase in 
density of the paper at 600° C would be accompanied 
by normal increase in density that is observed to take 
place in glasses upon being altered from the 
"quenched" to the annealed condition [22]. 

4. Relation of Observed Properties to Paper 
Quality 

The weakness of the fiber glass paper fabricated at 
values lower than ^H 2.9 coincides with a sharp 
decline in the chemical durability of the glass. The 
decrease in strength of the paper when formed at 
pH values higher than pH 2.9 is associated with a 
conspicuous tendency for the fibers to clump. This 
clumping probably interferes with the most advan- 
tageous orientation of the fibers for proper matting, 
and attainment of optimum strength of the finished 
paper, The evidence furnished by heterogeneous 
equilibria data and interference colors on the sur- 
faces of the interferometer test specimens, seems to 
support the assumption that the gelatinous silica-rich 
layer contributes to the resulting strength of the 
paper by causing the fibers to adhere at their points 
of contact when the paper is produced at the optimum 
acidity near pH 2.9. This feature, however, could 
be studied to advantage with other glasses of dif- 
ferent compositions. As to the ultimate tensile 
strength that might be attained for papers from glass 
fibers, it must be borne in mind that such values as 
400 psi are but a small fraction of the initial strength 
of the individual fibers. At the time of their produc- 
tion the tensile strength of glass fibers has often 
exceeded 2,000,000 psi [19, p. 72]. 

That the region near £>H 3 for maximum strength 
and quality of the paper from glass fiber is a range of 



pronounced transition of properties for typical silicate 
glasses can be readily visualized by inspection of 
figure 9. In this figure typical tensile strength data 
for paper from glass fiber are superimposed over the 
chemical durability curves for three silicate glasses 
(fiber glass, BaC 572, and Corning 015), typical 
voltage departure curve for the glass electrode, and 
a basic silicate-acid titration curve. All of these 
show a gentle to sharp transition in the approximate 
region of pH 3. The same pH region, is further 
emphasized by the peptization-^!! series, (fig. 7) 
and the position of the appearance of interference 
colors from reflection reducing films on the surface 
of the chemical durability test specimens, (fig. 3). 

There are other observations from this investiga- 
tion that are not primarily concerned with the 
production of paper from glass fibers, but that are of 
more than passing interest. The data for the three 
optical glasses given in table 2 and figure 1 when 
compared with results published years earlier [4] 
show the need for improvement in the chemical 
durability of these glasses ; their poor durabilities have 
been contributory to the excessive deterioration of 
optical instruments and spectacle lenses under con- 
ditions of high atmospheric temperature and relative 
humidity [23]. Of equal interest is the possibility 
that peptization of glass fibers and paper strength as 
a function of pM may constitute useful tools in the 
study of the so-called "isoelectric point" reported for 
silicate solutions near pH 2.9 [24, 25]. 
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Figure 9. Typical tensile strength — pH data for paper from 
glass fiber superimposed on the chemical durability curves 
of three silicate glasses (fiber glass, BaC 572 and Corning 
015), characteristic voltage departure curve of the glass elec- 
trode, and silicic acid titration curve. 
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Figure 7. Dispersion tendency shown by glass fibers over a range pll 11.8 to pll —8.1, 
obtained with Britton-Robinson universal buffers and H2SO4, for comparison with the chemi- 
cal durability curve for the fiber glass shown in figure 3. 



Figure 8. Expansion 
characteristics of the fi- 
ber glass in annealed 
and " Un annealed 
quenched" conditions 
compared with the an- 
nealed curves of Pyrex 
7740 and Kimble 
N51-A. 

Data by Herman F. Shermer. 
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